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Abstract 

A new external flow radiator concept, the 
liquid sheet radiator (LSR), is introduced. The 
LSR sheet flow is described and an expression for 
the length/width L/w, ratio is presented. A 
linear dependence of L/w on velocity is pre- 
dicted that agrees with experimental results. 
Specific power for the LSR is calculated and is 
found to be nearly the same as the specific power 
of a liquid droplet radiator (LDR) . Several sheet 
thicknesses and widths were experimentally invest- 
igated. In no case was the flow found to be 
unstable. 

Nomenclature 

A surface area 

a x spectral absorption coefficient 

d sheet thickness 

f constant defied in Eq. (22) 

g gravitational acceleration constant, 

9.8 m/sec 2 

i x black body intensity 

L sheet length 

i length of slits 

m mass of sheet 

p pressure 

p x spectral specific power 

Q volume flow rate 

q total emissive power 

q x spectral emissive power 

rp radius of droplet in LDR 

T temperature 

t time 

u x-direction velocity 

v y-direction velocity 

We Weber number, Eq. (15) 

w slit width 

x x-coordinate 

y y-coordinate 

z z-coordinate 

Y constant defined by Eq. (12) 


e x spectral emittance 

e x spectral emissivity 
T\ average vignetting factor for LDR 
x wavelength 

m viscosity 

p density 

p x spectral reflectivity 

o surface tension 

t x spectral transmittance 

Subscripts : 

D refers to LDR 

L refers to conditions at y = L 

o refers to conditions at slit, y = o 
s refers to LSR 

w refers to slit width, w 

Introduction 

One way of significantly reducing the mass 
of a space radiator is to eliminate the containing 
walls for the working fluid. Thus the working 
fluid is exposed to the vacuum condition of space. 
Such an external flow radiator will have a lower 
mass than heat pipe or pumped loop type radiators. 
Ease of deployment and near immunity to microme- 
teoroid damage are two other important advantages 
of external flow radiators. 

Currently, the liquid droplet radiator 
(LDR) 1-4 and the liquid belt radiator (LBR) 5-7 
are the external flow radiators receiving the most 
research interest. In this paper a new external 
flow radiator, the liquid sheet radiator (LSR), is 
introduced. The LSR uses a thin («100 ym) liquid 
sheet as the radiating surface. Similar to all 
external flow radiators, the working fluid of the 
LSR must be of very low (%10“° torr) vapor 
pressure in order to keep evaporative losses low. 

One of the advantages of the LSR is ease of 
design. Fabrication of narrow slits that are used 
in producing the sheet flow does not require pre- 
cision machining techniques such as those neces- 
sary for fabricating the many small holes of a 
LDR. Also, the pump power required will be less 
since the viscous losses for a single slit will 
be less than the losses for many small holes. 
Collection of the liquid sheet flow is simplified 
since the sheet flow coalesces to a point (as will 
be discussed later). Thus only a small cross- 
sectional area collector, which does not have to 
contend with stream misalignment, is required. 
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The simpler design of the LSR sheet generator and 
collector should translate into lower mass for 
these components than for the LDR and LBR. In 
addition, as will be shown later, the specific 
power, Plsr, for the sheet (power radiated/sheet 
mass) is approximately the same as the specific 
power, plor, for a comparable droplet sheet. 

In the next section the sheet flow geometry 
will be described and a simple analysis of this 
geometry will be presented. Following that, the 
specific power of the sheet will be compared with 
the specific power of a comparable droplet sheet. 
Then the preliminary experimental sheet flow 
results will be discussed and compared to the 
simple analysis. Finally, conclusions will be 
presented. 

Liquid Sheet Geometry 

A sketch of the flow geometry of a thin liq- 
uid sheet is shown in Fiq. 1. As a result of 
surface tension forces at the edges of the sheet, 
cylinders are formed that grew in diameter in the 
flow direction, y. Connecting the edge cylinders 
and the rectangular portion of the sheet is a 
transition region, as shown in Fig. 1(b). This 
transition region will also grow in thickness in 
the flow direction. In order to satisfy the con- 
servation of mass, the sheet width also decreases 
in the direction of flow. Finally the edge cylin- 
ders meet at some point y = L. 

Determination of the exact shape of the sheet 
cross section requires the solution of the irrota- 
tional incompressible fluid equations (Laplace 
Eq.) with a moving boundary (sheet cross section). 
However, the critical scaling parameter for the 
LSR is the length/width ratio, L/w. To obtain a 
first approximation to this quantity the sheet 
cross section was assumed to consist of end cylin- 
ders plus a rectangular portion as shown in 
Fig. 1(c). Both the end cylinders and the rectan- 
gular portion grow in the flow direction. The 
analysis that follows includes the gravity force 
since the experiments to be discussed were per- 
formed in the Earth's gravity field. 

Consider a coordinate system moving with the 
flow velocity, v, and a control volume determined 
by the edge cylinder as shown in Fig. 1(c). For 
conservation of momentum in the x-direction, rate 
of change of momentum in x-direction = force in 
x-direction 


u ( pu d dy) = (p t - Pf)d dy (1) 

Where p is the fluid density, u is the x 
velocity and p^ is the surface tension pres- 
sure for a cylinder, ^ 


a 



( 2 ) 


and a is the surface tension, (N/m). For vacuum 
conditions, pf = 0 so that Eqs. (1) and (2) 
yield the fol lowing : 


u 



(3) 


For the conservation of mass for the edge 
cylinder, increase in control volume mass = rate 
of mass addition 


p(2nr)dr dy = p d udt dy 


r dr ud 
dt 2 tt 


(4) 


Substituting (3) in (4) and integrating 
yields, 

< s > 

Where r = r 0 at t = 0 

For overall conservation of mass, the mass flow 
leaving the slit at y = 0 must equal the mass 
flow at y = L where the end cylinders meet. 

pw d 0 v 0 = 2irpv[_r(: (6) 

Where v 0 is the y velocity at x = 0, Vj_ 
is the y velocity at y = L and r j_ is the 
cylinder radius at y = L. 

Substituting Eqs. (5) in (6) results in the 
following: 



Where, t^ is the time required for the flow to 
go from y = 0 to y = L and dL is the sheet 
thickness at y = L. 

Since the gravitational field is in the 
y-di recti on. 


v = gt + v 0 

(8) 

y = 1/2 gt 2 + v 0 

(9) 

Where g is the gravitational acceleration 
constant (9.8 m/sec 2 ). From Eqs. (8) and (9) the 
following is obtained. 

t =/ yrr 7_ i 

(10) 

ii 

i ii 

>i>° 

(ID 

Where, 


gravitational potential energy 

(12) 

v o 

y ~ kinetic energy 

For the experimental conditions considered, 
Yw < 1. Therefore, using Eqs. (10) and (11) in 
(/), to first order in y w the following solu- 
tion is obtained for L/w. 


(13) 

■o 
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Where (L/w)g =0 is the sheet length/width 
in gravity free Conditions. 



and We is the Weber number 

dp 0 

(15) 

and 

<«> 


thickness in the flow direction. Therefore, since 
the sheet emittance (Eq. ( A— 12 ) ) increases with 
thickness, the constant thickness emissive power 
calculated will be less than the actual emissive 
power. As a result, the sheet specific power 
presented here should be a conservative estimate 
of the actual specific power. 

In Appendix A, an expression for the emissive 
power of an infinite sheet of constant thickness, 
dg, surrounded by a black body source of radia- 
tion at temperature, T», is developed. Assuming 
that t x p x << 1 , where x x is the sheet trans- 
mittance (Eq. (A-ll)) and p x is the reflectivity 
of the sheet-vacuum interface, then the spectral 
emissive power is 

\ ■ ' (‘ - \) \ [’> (T) - M T ->] (17 > 

where i is the black body intensity, (Eq. (A-2)) 
and e A is the sheet spectral emittance (Eq. (A-12)). 

*5 

Define the spectral specific power as follows: 


For the zero gravity conditions Eq. (14a) shows 

that (L/w) g _ o should be a linear function of 

velocity, v Q , if d^ is independent of v Q . When 

g£o Eq. (13) shows that L/w is not a linear 

2 

function of v Q since y w ~ 1/ v Q . Also, when 

g=o Eq. (14a) indicates (L/wl is a weak 
1/4 9 

function (~w ) of w provided d L is independ- 

ent of w. For sufficiently wide sheets (large w) 
the sheet thickness, d L , should be independent 
of w. 

The (L/w)g =0 ratio is shown in Fig. 2 as 
a function of Weber number. Results are shown for 

^ d o^ d L^g-o (w/dc/" 22 In the Case ° f 

the LSR, We « 200 and for a laboratory experiment 

( d 0 ^ d L^g=o^ w ^ d o^^ 4 ~ 2 while for a scale 
LSR (d Q /d L )g =0 (w/d Q )^ 4 may be as large as 4. 
Thus, Fig. 2 yields L/w » 7 for a lab experiment 
and L/w « 14 for a full scale LSR. 

Stability of the sheet flow is a critical 
issue for the LSR. In the laboratory experiments 
to date, there has been no indication of the sheet 
flow becoming unstable. However, for a full scale 
LSR flow stability may still be a problem. Cur- 
rently a theoretical stability analysis is being 
carried out. Results of that analysis will be 
reported at a later date. 

Specific Power of Sheet 


P 


power emitted/wavelength 
"" mass of sheet 


2 \v 


(18) 


Experimentally it was found that the sheet area is 
triangular in shape, A s « wL/2. 

For constant sheet flow velocity, 

= pwL d 0 (19) 

where p is the density, w is the sheet width, L 
is the sheet length and d 0 is the sheet thick- 
ness at the slit. Equation (19) holds for both 
variable and constant thickness sheets. Using 
Eqs. (17) and (19) in (18) yields the following 
result. 



From Ref. 2 the spectral emissive power of the 
droplet sheet can be written as, 

V' f l>< T >-w] <21) 


where f = emissivity/(mass/area) . The f factor 
is written in terms of f for an individual drop, 
fg, and the average vignetting factor "n. 


f * nfg 


( 22 ) 


f 


D 3 



(23) 


The large surface area to volume ratio for 
spherical droplets results in large specific powers 
for a droplet sheet. However, as will be shown 
below, for the same fluid a continuous sheet will 
have approximately the same specific power as a 
droplet sheet. 

In the following analysis for the sheet emis- 
sive power a constant thickness sheet is assumed. 

As previously pointed out, the sheet grows in 


Where e' is the drop spectral emissivity and r n 
X D u 

is the drop radius. The optimum LDR of Mattick 
and Hertzberg2 has 'n » 1/2. Therefore, Eq. (21) 
becomes the following: 



[v t > - V T ->] 


(24) 
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For both the droplet sheet and the continuous sheet 
operating at the same temperature, Eqs. (20) and 
(24) yield the following. 


P 


P 


X D 





(25) 


Similar to the analysis for the emissive power of 
an infinite sheet in Appendix A, analysis of a 
sphere yields, (assuming r p << 1 and 

X D X D 


1 X (T.) - 0). 


q 


X D 




(26) 


Where p is the reflectivity at the sphere 
X D 

surface-vacuum interface and e is the sphere 

X D 

emittancelO given in terms of the absorption 
coefficient, a x , as follows: 


e x = 1 “ T X = 1 
a D D 




1 - (2a x r 0 * 1 


- 2 a x r D| 


(27) 


Therefore, the emissivity of the sphere is the 
f ol lowing: 

q. 




= 1 - 


(28) 


For maximum specific power of the LSR, d 0 
should be as small as possible (see Eq. (20)). Sim- 
ilarly, for the LDR, rg should be as small as 
possible. Therefore, the approximations a x d 0 << 1 
and 2a x rn << 1 can be made in Eqs. (A-12) and 
(28) so that to first order in a x d 0 and 

2 a x r B> 



Using Eq. (29) in Eq. (25) and assuming 
yields the following result: 


« 1 


(30) 


Since this result is wavelength independent, it 
also applies to the total specific power ratio, 

^total specific power = J“ p^ dx^. Equation (30) 

shows that the continuous°sheet specific power is 
approximately the same as the droplet sheet 
specific power. 


As pointed out in the introduction, the design 
advantages of the LSR should translate into lower 
mass for the sheet generator and collector than 
for the generator and collector of a comparable 
LDR. Therefore, since the specific power of a 
continuous sheet is nearly the same as a droplet 
sheet, the overall mass of the LSR should be less 
than a comparable LDR. 


Experimental Liquid Sheet Results 

In order to test the validity of the analyt- 
ical predictions outlined in Eqs. (1) to (14), an 
experimental investigation of liquid sheet flow 
and stability was conducted. The main elements 
of the apparatus used are shown in Fig. 3. The 
liquid sheet generator consists of a cylindrical 
cavity 6.4 cm in inner diameter and 5.1 cm in 
length, which is mounted in a vacuum bell jar. 
Bottled nitrogen is used to force the test liquid 
from a liquid reservoir (not shown) to the gener- 
ator head and through a slit at the bottom of the 
generator head. The sheet thus formed flows down- 
ward in a 5 to 10 ym Hg vacuum environment (main- 
tained by a mechanical pump), and is collected in 
a container at the bottom of the bell jar. The 
flow loop does not allow for continuous operation; 
when the fluid reservoir is depleted, the test 
liquid is transferred back from the collector. 

A diffusion pump oil, Dow Corning 704 
(tetramethyltetraphenyltrisiloxane), was used for 
the experiments. Since the vapor pressure of 
DC-704 at room temperature is four orders of 
magnitude lower than the background pressure, 
vaporization of the sheet is insignificant. Any 
aerodynamic drag on the sheet at this vacuum 
level is also negligible. 

The slits used to form the sheets were 
fabricated in 50.8 mm diameter brass disks. The 
disks were nominally 6.3 mm thick, and were sup- 
ported by the lower flange of the generator head, 
which was bolted to the bottom of the generator 
cavity. The thickness of the brass disk, and the 
method of supporting them, insured that the slits 
did not deform even with pressure drops across 
the slit of 130 psi. This experimental observation 
was verified by calculating the deflection of a 
plate under load. The slit geometry is illustrated 
in Fig. 4, which shows a perspective view of the 
slit and disk, obtained by slicing the disk into 
two symmetrical halves. The slit has a^width, w, 
a thickness, d 0 , and a length, t. A 90° taper 
to the slit length enables low t/d's to be milled, 
while simultaneously preserving the dimensional 
integrity of the slit. Ten different slits were 
examined experimentally: for each of three widths 

(16.5, 25.4, and 34.3 mm), slits of nominal thick- 
nesses of 50, 75, and 100 ym and nominal f/d of 
1.0 were tested. A slit 34.3 mm wide, 100 ym thick, 
and with an i/d of 3.44, was also investigated. 

For each of the ten slits, sheets of variable 
length were formed by varying the sheet velocity 
over the largest range achievable by the apparatus. 
The minimum sheet velocity was that at which the 
shortest sheet could be formed; below the flow 
rate corresponding to this minimum velocity, the 
test liquid oozed from the slit, but did not form 
a continuous sheet. The sheets were photographed 
on 35 mm Kodak Plus-X film, using a 50 mm wide 
angle lens. The sheet was back lighted, such that 
the light was diffused through opal (translucent) 
glass to form a shadowgraph of the sheet on the 
film. The sheet was thus uniformly illuminated, 
except near its emergence from the generator head. 

The velocity of the sheet was calculated 
from a known flow rate, Q. 
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the 25.4 mm slit of 75 urn thickness. When the 
(31) */d 0 ratio was increased to 3.44, the sheet 

remained in one plane, regardless of velocity. 


The flow rate was determined from an accurate cal- 
ibration of each slit, effected by collecting and 
weighing the effluent liauid for a length of time. 
This process was repeated for a sufficient number 
of ap, Q pairs to establish the calibration. 

The pressure drop, Ap, across the slit was deter- 
mined by a static transducer, and the temperature 
of the fluid by a thermocouple, the two beina 
located inside the generator head as close to the 
slit as practical. As the viscosity of DC-704 is 
a strong function of temperature, it was necessary 
to correct even for 1 to 2 °C temperature varia- 
tions. The analog of the Hagen-Poiseuille law for 
flow through a narrow slit is, 11 


Q = 


ip d^w 

12 m 


(32) 


Thus, the Qy product was plotted as a function 
of Ap, allowing calculation of flow rates at tem- 
peratures other than the calibration temperature. 
All experimental work was at a temperature of 20 to 
29 °C. Since the i/6 0 ratios for the slits were 
small, flow through the slits was not necessarily 
fully-developed, and Q was not linear with Ap. 
The calibration curve was well fit by a third 
order polynomial, with correlation coefficients 
of 0.99 or better. 

Examination of more than 250 photographs 
revealed that highly stable sheets were always 
formed, which confirmed an analytical prediction 
(to be published) of sheet stability in this flow 
regime. In other flow regimes, liquid sheets 
separate into ligaments, which in turn break up 
into droplets^-* 4 due to Rayleigh and Taylor 
instabilities. (Atomization of a liquid sheet, 
as discussed in Refs. 12 to 14, is employed for a 
number of end uses, notably heterogeneous combus- 
tion.) Vibrations from the mechanical vacuum 
pump, which were imparted to the generator head, 
are sufficient to break up a cylinder into drop- 
lets, due to Rayleigh instabilities. 4 ’ 8 However, 
neither these vibrations, nor the ultrasonic and 
acoustic oscillations of a piezoelectric crystal 
immersed in the DC-704 inside the generator head, 
caused any detectable instabilities in the sheet. 
The sheet thus appears stable to a wide frequency 
range of imparted disturbances. 

The behavior of the sheet was strongly depend- 
ent on the slit geometry. The fluid dynamics of 
the sheet after convergence at length L varied 
considerably with changes in the slit geometry, 
and also with the sheet velocity. These param- 
eters also greatly influenced the manner in which 
the sheet converged in the convergence length, L. 

In some cases, the decrease in sheet width was 
accomplished solely by formation of cylinders on 
the sheet edges, as described earlier in this 
paper. In other instances, for certain sheets 
having an if d 0 of 1.0, a reduction in sheet width 
was accompanied by a twisting of the sheet as much 
as 180* about the plane containing the slit and 
initial portion of the sheet. This twisting 
occurred over the entire length for which the 
sheet could be observed, both before and after the 
convergence length L. This twisting was observed 
for all three 34.3 mm wide slits, as well as for 


Of the ten slits examined, the slit with an 
if d 0 of 3.44 behaved most ideally, although 
sheets from all ten slits were very stable over 
the entire velocity range investigated. The 
longer «./d 0 slit most likely yielded the most 
ideal sheets due to the near establishment of 
fully-developed laminar flow through the slit. 

Three additional slits having i/d 0 ratios of 7, 

10 and 12.5 were also tested. Flow through these 
slits was observed, and flow behavior identical 
to that of the 3.44 ifd 0 slit was noted. 

Difficulty in obtaining a sheet with a width 
equal to that of the slit was occasionally 
observed. In such instances, the fluid would 
form into two or three narrower sheets along the 
width of the slit. These sheets would converge 
independently of each other. Flow behavior of 
these undesired sheets was the same as for a 
single sheet formed from a slit. Proper ultra- 
sonic cleaning of the slit eliminated this anomaly 
whenever it was observed, with the desired sheet 
formation then resulting. 

Representative photos of the sheets observed 
are shown in Figs. 5(a) to (c). As can be seen, 
the sheets are very nearly perfect isosceles tri- 
angles. Figure 5 shows a sheet with an L/w 
ratio of 9.6, and Fig. 5(b) shows a sheet with one 
of 1.5. Although difficult to observe, when these 
sheets were examined at 4x projection, both sheets 
were noted to be slightly convex. Sheets from the 
other nine slits, such as the sheet of Fig. 5(c), 
were all slightly, almost imperceptibly, concave. 

The behavior of the sheet after the convergence 
length, l, which is of limited concern for the LSR 
concept, is shown in Fig. 5(c) as contrasted to 
Figs. 5(a) and (b). The sheet of Fig. 5(c) is 
observed to degenerate after convergence into 
diverging fluid jets, which subsequently break up 
into droplets due to Rayleigh instabilities. The 
behavior seen in Figs. 5(a) and (b) is typical of 
the majority of sheets observed. Sheet behavior 
such as shown in Fig. 5(c) is only of concern for 
off-design LSR performance, when the sheet length 
L might not match the distance between the sheet 
generator and sheet collector. 

The dependence of sheet length upon velocity 
is shown in Figs. 6(a) to (c). Sheet width is a 
constant for each plot, with sheet thickness as a 
parameter. The plots show the experimental data, 
with the least-squares line obtained from a one- 
paramenter curve fit of the data. As can be seen, 
the fit is very good. The linear relation between 
sheet length and velocity agrees with the theoretical 
prediction of Eq. (14). Each figure also shows an 
increase in sheet length (at any velocity) with 
increasing sheet thickness, d 0 . It will be fur- 
ther noticed in Fig. 6(c) that the n/d 0 ratio of 
the slit affected the functional relation between 
sheet length velocity thickness and width. As dis- 
cussed above, sheet behavior was visually observed 
to be strongly influenced by slit i/d 0 . Hence, 
the functional dependence on slit if 6 evidenced 
in Fig. 6(c) is to be expected. 
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Comparison of Theoretical and Experimental Flow 
Results 

The experimental results for L/w indicate a 
linear dependence on the velocity, v 0 . This is in 
agreement with the theoretical prediction, Eq. (14) 
if d 0 / dj__ is independent of v 0 and Yw « 1 
(for all experimental conditions *y w < 0,1). For 
sufficiently wide slits, d 0 / dj_ should be independ- 
ent of w. In that case, according to Eq. (14), 

L/w ~ w 1 ' 4 . Only three slit widths were experi- 
mentally investigated. Therefore, there is insuf- 
ficient data to determine L/w as a function of 
w. However, in comparing the w = 25.4 mm and 
w = 34.2 mm data it is found that L/w ~ 
for the d 0 = 50 ym and 100 ym slits. The 
w = 16.5 mm slits data does not agree with 
L/w ~ w 1 ' 4 . In this case d 0 /d|_ probably is a 

function of w since w is not large enough to 
make end effects negligible. Also, in comparing the 
d 0 s 75 ym slits at w = 25.4 mm and w = 34.2 mm 
we find that the L/w ~ w^^ relation does not 
apply. More experimental data of L/w as a func- 
tion of w is necessary to determine the relation 
between L/w and w. However, it can be concluded 
that L/w is a slowly varying function of w for 
sufficiently wide slits. 


function of slit width, w, and thickness, d 0 . Pre- 
liminary experimental results for L/w versus w 
show agreement with the theoretical L/w ~ 
result. 

Further experimental work should be directed 
at determining the sheet cross-sectional shape, 
and the sheet emissivity. 

Appendix A - 

Emissive Power of Continuous Sheet 

Consider an infinite sheet of thickness, 
d 0 , in a vacuum and receiving black body 
intensity i^LJ as shown in Fig. 1(a). Make 
the following approximations: 

1. Absorption coefficient, a x is constant 
across the sheet and no scattering, 

2. Sheet at constant temperature, T, 

3. Vacuum-sheet interface behaves in a 
diffuse manner with reflectivity, p x 

' r x ( V> = p xV (d o } + (1 - p xK 

1 a> 


Assuming the simple theoretical result 
(Eq. (14)) is correct, then the experimental 
linear dependence of L/w on Vp implies that 
d 0 /d L is independent of v 0 . Also, as discussed 
above, d 0 /di is independent of w. However, using 
Eq. (14) ana the experimental data we find that 
d 0 /dL is an increasing function of d 0 . Since 
only three slit thicknesses were tested there is 
insufficient data to determine the relation between 
d 0 /dL and d^. A more complete analysis that 
predicts the shape of the sheet cross section will 
also establish the relationship between d 0 /d[_ 
and dQ. 

Finally, experimental results for L/w 
indicate a dependence on the slit length/thickness 
ratio, t/d 0 . As Fig. 6(c) shows, the e/d 0 « 3.44 
slit yields a larger L/w than the t/d 0 = 1.0 slit. 
The twisting of the sheet observed with t/d - 1.0 
slits indicates a velocity component in the 
Z-direction. Since the twisting did not occur with 
the ild = 3.44, 7, 10, 12.5 slits only x and y 
velocity components exist. Future work will use 
the larger i/d slits to remove the unwanted z 
velocity component. 

Conclusion 


iri x (0,e) = 0 x q x .(°) + (1 - p x )Q x 


With these approximations, the intensity moving in 
the positive z-direction, i x (z,e) is given by^ 


- v 


i x U,e) - i>,e) e cos 9 + yi) 


-v 


1 - e' 


COS 9 


( A— 1 ) 


where the black body intensity, i x (T) is the 
following: 


2C. dx 

i (T)dx i (A-2 ) 

c c P /xT 
* (e 2 -1) 

C. = hC^ = 0.595xl0 8 - W ^n . S vUL ( A -3) 

1 0 2 
m 

hC 

= ~ = 14 388 ym K (A— 4) 


Preliminary theoretical and experimental 
results for a liquid sheet radiator (LSR) are 
encouraging. The specific power of the LSR is 
calculated as approximately the same as that of 
the liquid droplet radiator (LDR) sheet. There- 
fore, the simpler design for the LSR sheet gener- 
ator and collector should result in a higher 
specific power for the LSR total system than for 
the LDR total system. Also, the LSR should not 
have the alignment problems associated with the 
many (10 5 -1(P) droplet streams of the LDR. 

The experimental flow results indicate very 
stable sheet flows. Also, the experimental linear 
dependence of L/w on velocity, v 0 , is in agree- 
ment with the simplified analysis. More experi- 
mental data is necessary to determine L/w as a 


Where C 0 is the vacuum speed of light, h is 
Planck's constant and k is the Boltzmann constant. 

Referring to Fig. A-l, the spectral emissive power 
of the sheet is 

q x - \ (d 0 ) - q x = (1 - p x ) [ q x < d o> - q x 1 
o “ L ^ 

(A-5) 

Since the vacuum radiation is assumed to be black 
body, 

*i x (Tj = q x (A-6) 

CO 
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From symmetry. 


REFERENCES 


i"(d 0 ,e) - i*(o,e) (A-7) 

Therefore, using Eqs. (A-6), (A-7) and approximation 
3 in Eq. (A-l) f or z = d 0 yields the following. 


1 - e C0S 9 J 1 X (T) (A-8) 

The incident power at z = d Q ,q x ^ d o^ 1S the 
following: 1 


x e 


- a x d o 

COS 0 


q x i (d 0 ) 


n 
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i^(d Q ,e) cos a sin e ds dv 
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FIGURE A1. - SCHEMATIC OF INFINITE SHEET RADIATION. 
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(C) APPROXIMATION OF CROSS-SECTION USED FOR ANALYSIS. 
FIGURE 1. - SCHEMATIC OF THIN LIQUID SHEET FLOW. 
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FIGURE 3. - EXPERIMENTAL LIQUID SHEET GENERATOR. 



FIGURE 5. - CONVERGENCE OF A 34 mm WIDE SHEET. 
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(C) 34.2 mm WIDE SLITS. 

FIGURE 6. - DIMENSIONLESS SHEET LENGTH 


FIGURE 5. - CONCLUDED 
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